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Spectroscopic measurements on high temperature light 
sources frequently make it necessary to use a fast spectro- 
graph shutter. In this paper we describe a reliable and 
reproducible shutter developed for use in quantitative 
absorption spectroscopy on pressure-driven shock tubes. 
This application requires that the shutter be triggered 
by the observedevent, since the time of initiation of the 
shock depends on a process which cannot be triggered with 
precision, that is, the rupture of a diaphragm. This pre- 
cludes using rotating mirrors or perforated discs which are 
open at random delay times after shock reflection. Further- 
more, in our experiments, wavelengths of interest extended 
down to 2000i., and the background intensity was limited so 
that no attenuation by the shutter could be tolerated. The 
use of a Kerr cell was therefore not feasible. 
An open-closed capping shutter of the type described 
by Wurster (1957) was found to be satisfactory at wavelengths 
below 40001 up to a shock temperature of 6000'K (Huber and 
Tobey 1 9 6 7 ) .  A flash of 30,000'K brightness temperature 
and 3 ps duration was used as background source in that ex- 
periment. But higher temperatures or longer wavelengths 
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requi red  t h e  u s e  of  an i n i t i a l l y  c losed s h u t t e r  because 
t h e  shock-heated gas rad ia ted  f o r  a t  l e a s t  1 2 0  11s before  
l o c a l  thermodynamic equi l ibr ium w a s  reached, temperature 
measured and an absorpt ion spectrum photographed (Grasdalen 
1967, Newsom 1967). L i n e  emission becomes an apprec iab le  
f r a c t i o n  of  t h e  l i n e  absorpt ion when t h e  shock temperature 
is  increased o r  longer  wavelengths a r e  s tud ied  (see Fig.  1). 
Closed-open-closed spectrograph s h u t t e r s  descr ibed 
by o t h e r s  (Cam 1960, Clayton 1963) m u s t  be mounted w i t h i n  
a f e w  t en  thousands of an inch i n  f r o n t  of t h e  spectrograph 
s l i t .  T h e i r  f a s t  s h u t t e r  a c t i o n  is der ived from t h e  high 
angular  v e l o c i t y  obtained by mounting a s l i d i n g  s l i t  i n  
very c l o s e  proximity t o  the  spectrograph s l i t .  I t  i s  i m -  
p o s s i b l e  t o  mount t h i s  kind of s h u t t e r  on many commonly 
used spectrographs because s c r e w s ,  vacuum f langes ,  etc.  
o f t e n  p r o j e c t  beyond t h e  s l i t  plane.  
To avoid these d i f f i c u l t i e s  w e  developed t h e  new s h u t t e r  
assembly design shown i n  F i g .  2 .  The s h u t t e r  i t s e l f  i s  a 
f r e e - f l y i n g  p i ece  held i n i t i a l l y  by two s m a l l  bar  magnets 
a t  a d i s t a n c e  of  5.9 mm i n  f r o n t  of t h e  s l i t  plane.  I n  t h i s  
p o s i t i o n  i ts  outermost por t ion  o c c u l t s  t h e  spectrograph s l i t .  
When t h e  assembly is  t r iggered ,  a w i r e  explodes and a shock 
wave confined wi th in  a channel (1.6 mm x 4.4 mm bore) d r ives  
t h e  s h u t t e r  i n  a d i r e c t i o n  normal t o  t h e  s l i t  length .  A t  a 
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c e r t a i n  t i m e  t h e  s l o t  i n  t h e  s h u t t e r  w i l l  be a l igned  w i t h  
t h e  o p t i c a l  a x i s  of t h e  spectrograph, i .e . ,  t h e  s h u t t e r  w i l l  
be open. Fur ther  on it w i l l  again i n t e r s e c t  t h e  beam. Af t e r  
completely obs t ruc t ing  t h e  l i g h t  pa th  t h e  s h u t t e r  i s  stopped 
by a b u f f e r  (Q-compound, fo r  example). 
The obvious advantage of t h i s  arrangement i s  t h e  
Cos t ly  prec is ion-  f r i c t i o n l e s s  motion of t h e  s h u t t e r .  
worked s l i d i n g  su r faces  a r e  avoided and t h e  displacement is  
i n s e n s i t i v e  t o  e x t e r n a l  in f luences  of temperature and 
humidity. 
Alnico ba r  magnets were s e l e c t e d  so t h a t  t h e i r  p u l l  
on t h e  s h u t t e r  kep t  it i n  place.  The s h u t t e r  was cons t ruc ted  
of two p ieces  of . 2 5  mm thick magnetic s t a i n l e s s  s teel ,  w h i c h  
w e r e  glued toge the r  w i th  epoxy: i t s  t o t a l  weight was 160 mg. 
The i n s u l a t i n g  p a r t s  of the  s h u t t e r  assembly cons is ted  of 
LE Phenolic. 
The exploding w i r e  ( .125 o r  .175 mm diameter music 
w i r e )  was mounted as  shown i n  Fig.  2 .  Twenty-five jou le s  
s t o r e d  on a 2 p capac i to r  w e r e  discharged through t h e  w i r e ,  
us ing a spark  gap ac t iva t ed  by a 7 kV t r i g g e r  pu lse .  A 
c i r c u i t  diagram of  t h e  e l e c t r o n i c s  i s  shown i n  Fig.  3 .  
The  performance of t h e  s h u t t e r  i s  dependent on t h e  
apparent  width,  w, of t h e  g r a t i n g ;  t h e  d i s tance ,  f ,  from 
spectrograph s l i t  t o  g ra t ing ;  and t h e  d i s t ance ,  d, between 
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t h e  s l o t  i n  t h e  s h u t t e r  and t h e  spectrograph s l i t .  The s l o t  
width, a ,  i n  t h e  s h u t t e r  i s  s e l e c t e d  so t h a t  t h e  g r a t i n g  i s  
s l i g h t l y  o v e r f i l l e d ,  v i z . ,  
a b *  
f 
Increas ing  t h e  value of a over 
during which t h e  g r a t i n g  can be completely i l luminated,  i . e .  
- d 'w  provides  an increased t i m e  
f 
it produces a f l a t  top  when a record of g r a t i n g  i l lumina t ion  vs .  
t i m e  is  taken. 
W e  t e s t e d  t h e  s h u t t e r  on eleven consecut ive f i r i n g s  by 
measuring i t s  t ransmission v s .  t i m e  wi th  a photomul t ip l ie r  
tube .  Oscil loscope records l i k e  t h e  one shown i n  Fig. 4 w e r e  
obtained with a Dc l i g h t  source on a 3 m McPherson spec t ro-  
graph with a g r a t i n g  of apparent width w = 8 cm. The s h u t t e r  
was mounted so t h a t  d = 5 . 9  mm and i t s  s l o t  width was a = . 2 6  mm. 
The t i m e s  of maximum s h u t t e r  opening a f t e r  explosion of t h e  
wire  averaged 43.2 ys; t h e  s c a t t e r  of maxima about t he  mean 
had a s tandard dev ia t ion  of 0 .6  v s .  Hence, i f  t h e  s l i t  i n  
t h e  s h u t t e r  i s  made wide enough t o  a l low t h e  g r a t i n g  t o  be 
completely f i l l e d  f o r  3 ~s (2  x 2.33 x s tandard d e v i a t i o n ) ,  
t h e  s h u t t e r  w i l l  be f u l l y  open i n  98 per  c e n t  of t h e  exposures 
i f  t h e  f l a s h  t u b e  is  t i m e d  t o  discharge a t  t h e  average t i m e  
of maximum. 
The v e l o c i t y  of t h e  s h u t t e r  a s  ca l cu la t ed  from Fig.  4 
i s  2 6  m / s e c .  
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Three pieces of Teflon tape mounted over the channel 
and magnets (as shown in Fig. 2 )  contained the vaporized 
wire in the channel. Thus, line absorption by this vapor 
was avoided and no momentum was lost by escaping gas. The 
teflon stretched easily, providing an effective transfer 
of momentum. No loss of speed due to the tape was noticed. 
All test data were taken with tape over the channel. 
Metallic deposits left by the exploded wire which 
might provide a conductive path in parallel to the wire 
are easily removed with acetone. 
We wish to thank Mr. C. McDonald for his help in 
improving the mechanical design and Mr. D. Zitros for 
designing the triggering electronics. This work was 
supportgd by the National Aeronautics and Space Administration, 
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Figure 1 The ratio of emission to absorption 
by the shocked gas is shown, assuming 
a background continuum of 30,000"K 
brightness temperature and an exposure 
forty times longer than the duration 
of the flash. 
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Figure 3 A c i r c u i t  diagram of t h e  
e l e c t r o n i c s  used t o  supply 
power t o  the exploding wire .  
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